To investigate the sustained effectiveness of a novel skill-based intervention for weight loss. DESIGN: Randomized, controlled trial. SUBJECTS: A total of 80 overweight/obese women living in Connecticut. MEASUREMENTS: Absolute weight difference measured in pounds and absolute change in body mass index (BMI). Secondary outcomes included changes in food frequency questionnaire (FFQ) data and waist-to-hip ratio. RESULTS: In all 61, 35, and 34% of study participants completed the 6-, 12-, and 24-month assessments, respectively. At 6 months postintervention, both counseling-based (CBI) and skill-based (SBI) intervention groups had statistically significant decreases in absolute weight (4.073.6 and 1.773.0 kg, respectively). Compared to their baseline values, both CBI and SBI groups still maintained weight losses at 24 months (1.175.8 and 0.5973.3 kg, respectively); however, the differences were not statistically significant. FFQ results showed that, within the SBI group, there was a significant decrease (Po0.05) in percent fat from baseline to 12 months and a nearly significant decrease in saturated fat from baseline to 24 months (P ¼ 0.07). CONCLUSIONS: Both the novel SBI and conventional dietary counseling demonstrated some residual weight loss benefit at 2 y. Effects of the SBI on dietary intake patterns are encouraging, and warrant further study.
Introduction
Obesity is epidemic in the US, accounting for approximately 280 000 adult deaths a year. 1 Largely due to the mortality toll of obesity, poor diet and physical inactivity are projected to overtake tobacco as the leading cause of premature death in the United States. An estimated, 64.5% of adults 2 and 15.5% of adolescents, 12-19 years of age 3 in the United States are overweight and thus carry a significantly increased burden for a myriad of chronic diseases. 4 Even modest amounts of weight loss can lower the risk of coronary heart disease, hypertension, type II diabetes, hyperlipidemia, and cardiorespiratory failure. [5] [6] [7] [8] [9] [10] As one of the strategies for reducing these burdens, much attention has been placed on finding behavioral interventions that change dietary patterns as a way of reducing weight and of achieving sustained weight loss.
Many behavioral and lifestyle interventions have produced short-term success in reducing weight. 11 While immediate weight loss is beneficial, the challenge remains to identify interventions that can sustain weight losses in the long term. 9, 10 The Institute of Medicine's (IOM) 1995 report defines successful long-term weight loss as a sustained weight 5% below initial weight for at least 1 y. 12 By this definition, traditional counseling interventions have shown poor success rates. [13] [14] [15] [16] Typical nutritional interventions consist of behavioral counseling, meal and snack replacements, group therapy, conventional diets, very-low-caloriediets, or some combination of these. While there have been occasional success stories, most patients initially lose weight, then relapse to their initial weight after 2 y. 13 We previously reported results of a randomized, controlled trial of a novel skill-based intervention (SBI) that incorporated the IOM's recommendations for technical nutrition skills. 17 Overweight and obese women were taught skills for purchasing, ordering, and preparing food. Unlike traditional counseling-based interventions (CBIs), subjects were taught in groups at the various sites of action, supermarkets, restaurants, and their homes, where they could acquire and practice pertinent skills under the direct supervision of a dietitian. At 6 months, significant weight loss was reported for both the skill-based and counseling-based (control) groups. We hypothesized that the SBI would have more lasting effects on weight loss. In this paper, we report on the 2-y study results.
Methods

Subjects
Women from the Lower Naugatuck Valley, CT were recruited via media announcements. Advertisements were placed in local newspapers and recruitment flyers were posted in area hospitals and grocery stores. Participants were not compensated for their time, but were enrolled in a raffle for a $200 supermarket gift certificate for completing the 6-month assessment, and received $25 each for completing the 12-month and 24-month assessments. The community is a predominantly middle-class population located in southwestern Connecticut. Eligible subjects were between the ages of 30 and 65 y, obese or overweight, as defined by body mass index (BMI) greater than 25 (body mass index ¼ weight in kg/(height in m) 2 ). The subjects were required to be the primary person in the household who purchases groceries and prepares meals. Women were excluded from participating if they had any unstable medical condition affecting their ability to participate fully in the study, were participating in another weight reduction program at the time of enrollment, had pharmacologically treated diabetes, or were using medications known to affect weight gain or loss.
Following a prescreening assessment by telephone, those eligible for the study were scheduled for a physical examination within 1-2 weeks at the Yale-Griffin Prevention Research Center in Derby, CT. Height and weight were measured to assure eligibility; discrepancies between these measures and the self-reported values, and the implications for recruitment, have been previously reported. 18 The physical examination included the collection of blood pressure, weight, height, hip, and waist circumference. Weight and height were measured with subjects wearing undergarments only and no shoes. All measurements were performed by trained members of the research team using identical methods and calibrated equipment. Technical skills for weight loss M-C Yeh et al telephone for eligibility status. Of these, 173 women were excluded for not meeting criteria, refusing participation, or providing insufficient information. The remaining 99 women were scheduled for a second screening visit (physical examination). A final total of 80 women were randomized (40 to SBI and 40 to CBI). Baseline data were excluded for eight women: four women who dropped out before the start of the intervention, one woman from the intervention group who died prior to follow-up, and three women who had incomplete baseline data. A detailed description of subject participation can be seen in Figure 1 . Thus, there was a final total study sample of 72 women: 35 subjects in the intervention group (SBI) and 37 subjects in the control group (CBI). All eligible women who met the inclusion criteria were enrolled in the study after completing informed consent. Initial physical exam measurements were recorded as baseline values. In cases where the period of time between the initial physical exam and the beginning of the intervention exceeded 6 weeks, baseline measures were updated. All baseline assessments were carried out before randomization.
Enrollment
At baseline, all enrolled subjects completed a demographic survey including level of education, annual household income, employment status, and physical activity levels. 19 A semiquantitative food frequency questionnaire (FFQ) was also completed at baseline, 12, and 24 months. 20 All subjects underwent repeat clinical assessments at 6, 12, and 24 months. All information was recorded on a standard intake form.
Study design
The study was a randomized controlled trial of two behavioral interventions for weight loss. Subjects were randomly assigned by a data analyst uninvolved in the intervention to one of two treatment groups using a SAS software algorithm. 21 An active control condition was used both to support an effort to identify best practices, and to accommodate the principles of community-based research to which Prevention Research Centers are committed. 22 Neither investigators nor subjects had any influence over treatment assignments. All outcome measures were collected by research assistants blinded to subjects' treatment assignment. The study was designed with 80% power to detect a between-group difference of 30% in weight loss maintenance at 2 y.
Study interventions
The intervention has been described previously. 17 . In brief, the SBI was developed to provide skills that would support overcoming barriers to healthy eating, and thereby to test the published Pressure System Model of behavior change. 23 The SBI included two 90-min didactic sessions delivered to groups of about 20 subjects at a time. Each didactic session consisted of a 60-min presentation and 30 min for question and answer. The information presented in the sessions was based on material prepared for the Yale University School of Medicine's Human Nutrition Lecture series and a published text. 24 The first session was an overview of factors that influence dietary preference and behavior. The second session summarized approaches for successful modification of the diet given the physiologic, genetic, cultural, and environmental impediments to change. 24 Over the following 4 months, additional technical skill-building sessions were delivered. The sessions included two 2-h trips to the supermarket in groups of 10 supervised by a registered dietitian. The groups received aisle-by-aisle instruction on how to select healthful items and how to read food labels. In groups of five, the study participants had two dinners at local restaurants with the dietitian. At the restaurants, the subjects were instructed on how to select healthful dishes. In addition, each subject had a 2-h private session with the dietitian in their home. During this session, the dietitian focused on food preparation, pantry stocking, portion sizing, and ingredient selection. After completion of the skillbuilding intervention sessions, subjects had telephone and electronic-mail access to the dietitian for the remainder of the year. All contact was initiated by the subject and recorded by the dietitian. The control or comparison intervention (CBI) consisted of standard office-based counseling sessions provided by a registered dietitian. Over the 6-month intervention period, each subject received two individualized 1-h sessions and four 30-min sessions. The content of each counseling session was based on interactions between the subject and dietitian, as is standard practice, and closely followed published guidelines of the American Dietetic Association. 25 Methods for the CBI were adapted from the American Dietetic Association's Medical Nutrition Therapy Protocol for Weight Management. 26 Each individual received nutritional counseling based upon their psychosocial concerns, medical and diet history. During the initial counseling session, the subjects were instructed in a low-calorie meal plan based on the 1995 Exchange Lists for Meal Planning from the American Diabetes Association and the American Dietetic Association. 26 In subsequent sessions, subjects received instruction in meal planning, dining out, food label reading, recipe modification, and physical activity. They were offered six monthly sessions, with the option to attend up to four additional sessions. All interventions in both the study groups were delivered by a single, dedicated study dietitian.
Outcome variables
The main clinical outcome variables of interest were the absolute weight difference measured in kilograms and absolute change in body mass index. Secondary outcomes included changes in waist-hip ratio and changes in total caloric intake (J), fiber intake (gm), saturated fat intake (gm), monounsaturated fat intake (gm), polyunsaturated fat intake (gm), cholesterol intake (mg), total fat intake (gm), and fat as a percentage of calories.
Technical
Statistical analysis
Repeated measures analysis of variance (ANOVA) was used to compare changes in absolute weight and BMI between groups. Repeated measures ANOVA was also used to compare changes in total caloric intake, fiber, saturated fat, monounsaturated fat, polyunsaturated fat, cholesterol, total fat, and percent fat. The Mantel-Haenszel test and Fisher's exact w 2 test were used to compare the proportional changes in weight loss between groups. Predictors of weight loss F baseline weight, nutritional variables (such as total calories, fiber, fats, and cholesterol intake), the group variable, and an interaction term for group and baseline weightFwere entered into a stepwise multiple regression model. Paired ttests were used to determine within-group changes from baseline to 6, 12, and 24 months in weight and BMI. The principles of intention-to-treat (ITT) analysis were used. All subjects who were lost to follow-up were considered to have no absolute weight change from the last weight recorded. Since the ITT results were similar to results without ITT analysis, the data presented here were those without ITT analysis, unless otherwise indicated. All analyses were conducted using SAS statistical software. 27 Statistical significance was based on a two-tailed a of 0.05. However, subjects in the SBI group had significantly higher baseline intake of monounsaturated fat, total fat, and percent calories from fat compared to the CBI group.
Results
Baseline characteristics
Attrition
Of the 80 women randomly assigned, 72 (90%) women were available for baseline assessments, 49 (61.3%). remained at the 6-month assessment, 28 (35%) at 1 y and 27 (33.8%) at the end of the 2-y period. Of the subjects who returned at the 2 y follow-up, 14 (51.9%) were from the CBI (control) group and 13 (48.1%) were from the SBI (intervention) group. The proportion of dropouts did not differ significantly between the groups at the 2-y follow-up (w 2 , P ¼ 0.95). t-Test analysis revealed that those who returned for follow-up and those who were lost to follow-up did not differ significantly with regard to age, baseline BMI, baseline weight, or baseline nutritional variables including total calories consumed, total fat, percent fat, and cholesterol intakes (data not shown). Table 2 presents the change in weight, BMI, and waist-to-hip ratio from baseline to 6, 12, and 24 months. At 6 months postintervention, both CBI and SBI groups had statistically significant decreases in absolute weight (3.9973.36 and 1.7272.99 kg, respectively). Group comparisons revealed that the CBI had a statistically significant greater loss in mean absolute weight compared to SBI at 6 months. Detailed 6-month results have been published elsewhere. 17 From baseline to 12 months, the CBI group had a mean decrease in absolute weight of 1.8174.63 kg (P ¼ 0.17) compared to the SBI group of 0.7775.08 kg (P ¼ 0.58). The change in absolute weight from baseline to 24 months in the CBI group was a mean decrease of 1.0975.76 kg (P ¼ 0.50). From baseline to 24 months, the SBI group had a mean absolute weight loss of 0.5973.3 kg (P ¼ 0.54). The weight loss at 24 months relative to baseline was not significant in either group. At 12 and 24 months, CBI had a greater mean loss in absolute weight compared to SBI, although not statistically significant. A similar trend was also observed for BMI in both the groups.
Weight-related outcome changes
FFQ data
The changes in food frequency measures from baseline to 12 and 24 months are presented in Table 3 . There was an apparent downward trend in both the groups for saturated fat and total fat from baseline to 12 and 24 months. Although no statistical significance was observed in the differences of food frequency measures from baseline to 12 and 24 months between the two groups, there was a statistically significant decrease (Po0.05) in percent fat from baseline to 12 months within the SBI group. There was borderline statistical significance in the decrease of saturated fat at 24 months from baseline in the SBI group (P ¼ 0.07).
Stepwise regression indicated that nutritional variables, such Technical skills for weight loss M-C Yeh et al as total calories, fiber, fats, and cholesterol, were not predictive of weight loss at 6, 12, and 24 months (data not shown).
Discussion
This study tested the efficacy of an innovative group-based weight loss intervention focused on skill-building, in comparison to conventional one-on-one nutrition counseling. Subjects in both groups reduced their weight significantly at 6 months. However, the weight loss in both groups was transient. Subjects gained most of their weight back gradually over the course of the 18 months following the 6-month intervention. These results are comparable to other long-term weight management studies. Skender and et al 13 reported weight change fitting a U-shaped curve; indicating weight rebound following intervention-induced loss in a 2-y study. One recent study 28 revealed that after weight loss, subjects regained about 75% of their initial weight loss, with a weight gain of 2.5% per month over a 24-36 months period. Adult women's preference for on-site skill building techniques has been documented in a recent focus group study. 29 Our study was skill-based, group-oriented, designed specifically to empower subjects to control their own dietary behaviors and activity patterns, and ultimately, their weight. Activities including supermarket tours and home meal preparation supervised by a dietitian were meant to provide problem-solving skills, which have shown some success with long-term management of obesity in prior study. 30 Attrition rates were comparable between the treatment groups at 2-y follow-up. Unfortunately, the SBI group did not perform better than the CBI group over a 2-y period. No significant difference in weight status or dietary patterns was observed between the two treatment groups at 2-y follow-up. As the SBI was novel, it is likely that its implementation and content are amenable to refinement. Nevertheless, the results derived from the SBI were at least comparable to those of the established protocol used by the control group. 25 Subjects may prefer individualized, tailored counseling over group sessions. Individualized counseling has shown a more sustained effect than group counseling in prior studies. 31 Feedback provided by the subjects seemed to confirm this. The majority of the subjects in the counseling group liked the individual, one-on-one attention. In addition, subjects indicated that the planned activities for the SBI may have been too widely spaced. The precise timing, format, intensity, and breadth of the SBI may need to be finetuned, and a combination of individualized counseling and group support may be superior to either alone. Technical skills for weight loss M-C Yeh et al
Even though weight loss itself was modest, our results indicated that SBI had a favorable impact on subjects' dietary patterns. Within-group comparison revealed that, compared to baseline, the SBI group had a significant decrease in percent fat at 12 months and a borderline significant decrease in saturated fat at 24 months. These decreases were not seen in the CBI group. Since existing literature suggests that reduced fat intake is associated with weight loss, 32 and reduced intake of saturated fat is associated with reduced cardiovascular disease risk, 33 these findings suggest potential for cardiac risk reduction with the SBI. Interpretation of these findings must be tempered by study limitations. The study included only women. Thus, the relevance of the results to men is not known. Participants were mostly non-Hispanic white, and thus the generalizability of these findings to other ethnic groups is also unknown. Attrition in this study was high compared to other long-term, mostly VLCD weight loss studies, 28, 34 although comparable to other behavior modification weight loss programs. 35 Despite providing incentives and making diligent efforts to entice subjects back for follow-up, placing numerous calls and letters to subjects, many did not return. The authors speculate that the high attrition rate may be due, in part, to subjects being told that this was a 'weight control' study. Therefore, it is very likely that subjects were embarrassed to come back for weight measures if they did not lose weight or failed to maintain weight loss. Alternatives, such as indicating that a study is about 'nutrition and health' or 'lifestyle and health' may avoid the stigma of failure if weight is not lost, and support better subject retention. Despite its limitations, this study provides important information regarding the application of group-based, skillbuilding methods to weight loss. Such methods produced a significant weight loss at 6 months. Even though a majority of the subjects failed to maintain weight loss at the 2-y follow-up, favorable trends were observed in dietary pattern in the SBI group. As reported previously, a group-based approach to weight control has the potential to be costeffective, 22 while the cultivation of skills for navigating successfully through the modern 'nutritional environment' offers at least the promise of long-term sustainability. The limited success of the current study suggests that the optimal structure, composition, content and distribution of such methods must be further explored. Given the limited success to date in elaborating methods for sustainable weight loss or weight control, and the worsening obesity epidemic, diligent and creative efforts to devise effective interventions are urgently needed. It is hoped that the methods pilot-tested in this study will help address that challenge.
